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Abstract 
Groundwater is a valuable natural resource providing a primary source of water for agriculture, domestic and 
industrial purposes. To Jinan, it is more significant because of the famous springs. But springs have drained off for 
several years because of groundwater over-extraction. Surface water and groundwater is an integrated system and 
the environment is a whole. Integrated management is essential. So this paper gives an integrated act for 
groundwater protection. Considering the surface water, groundwater, water quantity and quality, ecology, socio-economics 
of Jinan, especially the connection between surface water and groundwater, this integrated act consists of increasing 
groundwater recharge, restricting groundwater exploitation, jointly regulating and integrated management. These 
projects aims to balance groundwater exploitation and recharge, guarantee the springs against draining off, achieve a 
good ecological status. The environment as a whole will be improved. Different water users will benefit and the 
economy will be prosperous. So this act will promote the sustainable development. 
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1.  Introduction 
The cities are facing a growing pressure for sustainable groundwater. Groundwater is a valuable natural resource 
providing a primary source of water for agriculture, domestic and industrial purposes and accounts for 95% of 
readily accessible freshwater[1]. However, become increasingly obvious that groundwater should not only be 
viewed as a water supply reservoir, but should also be protected for its environmental value. Groundwater plays an 
essential role in the hydrological cycle and be critical for maintaining wetlands and river flows and acting as a buffer 
during dry periods. In other words, it provides the base flow (i.e. the water which feeds rivers all year round) to 
surface water systems, many of which are used for water supply and recreation [2]. But with the economics 
development and the population growth the groundwater sustainability development has been a problem. Improperly 
 
* Corresponding author. Tel./fax: + 86 10 58802079 
  E-mail addresses: cuibs67@yahoo.com, cuibs@bnu.edu.cn(B.S.Cui) 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1746 Ranran Yang et al. / Procedia Environmental Sciences 2 (2010) 1746–1750
 
managed withdrawals and excessive consumptive use can negatively impact the aquifers and the environmental 
services.  
So water conservation is needed. Properly managing water resources is an essential component of growth, social 
and economic development, poverty reduction and equity and sustainable environmental services [3 ]. Water 
conservation can also extend the life of existing supplies, eliminate the need for costly new or expanded supplies, 
lower water treatment costs, and preserve water for recreational and environmental needs and future economic 
development or environmental opportunities[4],[5]. So European made the European Water Framework Directive 
(WFD) in 2000 and European Groundwater Directive in 2006. With the WFD the achievement of a good ecological 
status of surface waters and a good quantitative and qualitative status of groundwater has become compulsory[6],[7]. 
Since WFD indicates surface water and groundwater is an integrated system, it calls for combined management of 
the surface water and groundwater. An integrated system means in the process of protecting groundwater we should 
also protect the environment as a whole. This paper presents an integrated act for groundwater protection of Jinan 
city. This integrated act will involve rivers restoration, water-saving techniques, legal system etc. 
2.Study area 
The city of Jinan is bordered by the Tai Mountain to the south and the Yellow River to the north, with a strongly 
higher topography in the south than in the north. Hilly areas, piedmont clinoplain, and alluvial plains lie across the 
city from south to north. Altitude within the area ranges from23 m to 975 m above sea level, with a highly 
contrasting relief. The semi-humid continental monsoon climate throughout the city is characterized by cold, dry 
winters and hot, wet summers. The average annual precipitation is 636 mm, with 75% during the high-flow periods. 
The average annual temperature is 14.3 ć. The average monthly temperature rises to the highest point in July, 
ranging from26.8 ć to 27.4 ć, and drops to the lowest point in January, ranging from -3.2ć to -1.4ć. 
The unique characteristic of Jinan city is the springs. There are 72 springs in the city. But with the economics 
development and the increasing groundwater extraction, the springs drained off for several years (Fig.1). The rivers 
which are depended the springs dried up or the water quality deteriorated because the fresh water supply became 
less and less. All these environmental degradation has caused a decline of the number of tourists to enjoy the springs. 
So it is not conductive to economic development. 
 
Fig.1 The days springs drained off 
3. Integrated act for Groundwater Protection of Jinan City 
3.1.The goal of groundwater protection 
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The ultimate goal of groundwater protection is not to prevent water use, but to maximize efficiency and the 
benefit from each gallon used[8]. Efficient water use is considered the minimal amount of water that is technically 
and economically feasible to achieve an intended water use function [9]. 
There are four goals to achieve by the integrated act: 
x The first is to guarantee the springs against draining off. Springs are the characteristic of Jinan. Jinan is famous 
and prosperous because of the springs. The act will restrict groundwater exploitation and regulate the water use. 
x The second goal is to decrease the cones of depression. Cones of depression cause the springs can not get fed. 
Moreover , large tracts of land that overlie cones of depression have subsided, seawater has intruded into 
previously freshwater aquifers in coastal plains, and ground-water quality has deteriorated due to salinization, 
seawater intrusion, and untreated urban and industrial wastewater discharge[10]. Then groundwater quality will 
not used as drinking water. 
x The third goal is to balance the exploitation and recharge. The improperly management caused over-exploitation, 
but the ecological damage and urbanization caused less-recharge. The act will increase the recharge through the 
afforestation at the south hilly areas. It is better that the department can restrict the water use. 
x The last goal is to achieve a good ecological status of surface water and a good qualitative status of groundwater. 
There are little rivers of Jinan which the quality can reach the standard. The act will build more wastewater 
treatment plants and increase the percent of wastewater reuse. 
3.2. The integrated act 
3.2.1. Restrict groundwater exploitation  
The first thing to do is to strength the water supply network so that the factories which extract groundwater by 
their own can get water resource through the water supply network. At the same time the storage capacity of 
reservoirs must be expanded properly. Currently Yuqing Lake, Queshan reservoir, Jinxiuchuan reservoir and 
Wohushan reservoir all have potential to expand. Baiquan, Lizhuang, Dayangzhuang Lashan, Gucheng are water 
supply sources. But these places have great impact on the springs. Restrict the groundwater extraction of the above 
water supply. 
3.2.2. Replace water resources  
Jointly regulate the surface water, groundwater and the transferred water from the other basin. Allocate the three 
kinds of water according different water quality. In the city high quality water resources have been allocated for 
industrial purposes leaving only low quality water for drinking purposes. In an ideal situation, water resources with 
high water quality would have been allocated for drinking water improving human health and hygiene, and then 
water resources with relatively low quality can be allocated to industrial and agricultural uses[11]. Yellow River as 
the largest river flowing through the city, it brings rich water resource. Jinan should make the best of the water from 
Yellow River within the limits of allocation by Ministry of Water Resources of China. The program that Transfer 
Water from Yangtze to North will bring rich water resource. So the department manages these water resources 
jointly. 
3.2.3. Establish water-saving society  
Saving water can be implemented in the three fields: factories, families and farms. Factories should use the 
advanced water-saving techniques and improve the efficiency of industrial water use. The goal is the water reuse 
rate reach 85% in 2015. The municipal government gives urban families financial support to use water-saving 
appliances. Develop the water-saving irrigation techniques. 
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3.2.4. Artificially recharge groundwater 
The south hilly areas are the major areas that surface water recharge groundwater. But the vegetation coverage 
rate is very low in the areas. Low vegetation coverage rate impacts the subsurface portion of the hydrologic cycle by 
changing groundwater recharge and flushing salts to underlying aquifers[12]. So afforestation in the south areas is 
essential.  Yufu River is the strong leakage areas that recharge groundwater. Every spring when the groundwater 
table is low increase Yufu River flow by opening the reservoir gate upstream. 
3.2.5. Integrated management  
Build the decision support system. This system consists of real-time monitoring of groundwater level subsystem, 
groundwater quality monitoring subsystem, groundwater simulation and prediction subsystem, migration of 
groundwater quality prediction model, groundwater management early warning subsystem, decision support system 
of groundwater development and protection. 
  Improve and perfect the emergency plans for springs protection. Drills under different level warnings should be 
taken to strength the cooperation between departments. 
Establish new public participation mode to improve opportunities for public participation. Establish platforms for 
communications between public and managers. 
Perfect the legal system for groundwater protection. Strength the supervision about the water uses. Establish the 
river channel network to achieve three objectives: flood protection, water supply guarantee and ecology 
conservation. 
4. Results 
Based on the special Geological environment and the river network of Jinan, the paper gives an integrated act to 
protect groundwater and springs. Increasing groundwater recharge, restricting groundwater exploitation, jointly 
regulating and integrated managing will promote groundwater sustainable development. The integrated act involves 
surface water, groundwater, water quantity and quality, ecology, socio-economics. It presents the environment is a 
whole. 
5. Discussion 
The defect of single strategy that protects or restores ecological system has been realized. With sustainable 
development becoming international consensus, groundwater sustainable development will be international 
consensus very soon. More and more areas will start to restore groundwater and protect the environment as a whole. 
One point should be understood that groundwater protection will restrict extraction but it does not mean 
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